The relationship between diet and cancers of the upper aerodigestive tract (UADT) has been investigated through dietary patterns.
dietary patterns directly from the data; a hypothesis-oriented or a priori approach, which is based on the available evidence on the disease under consideration; a third method called reduced rank regression, which integrates characteristics of the a priori and the a posteriori approaches. In particular, a posteriori dietary patterns are derived through different multivariate statistical methods, among which the more common are principal component factor analysis (PCFA) and CA. Our attention was focused on those papers in which combinations of multiple food-and nutrient-related dietary components were considered as a single dietary exposure variable. Some publications used the term dietary patterns to describe meal-intake patterns (e.g. number of meals, frequency of eating occasions, and snackintake patterns) or the intake profiles of many single nutrients or food groups; these papers were not considered in this review. We also excluded papers based on ecological studies, studies assessing associations between dietary patterns and UADT cancer mortality, as well as papers which identified dietary patterns without reporting any risk estimate.
From each identified paper, the following information was extracted: year and country of data collection, study design (cohort or case-control study), study population (cancer type, number of participants, age range or median age, type of controls for case-control studies), data collection period, dietary patterns identification method (i.e. PCFA, CA, or dietary score, with extra details on them), characteristics of the dietary assessment method, and name and composition of the identified patterns. Information on the association between dietary patterns and cancer risk was also extracted from the papers by collecting relative risks (or odds ratios, OR) and the corresponding 95% confidence intervals (CI), adjusted for confounding variables, when available.
The main results were summarized in the tables according to the following criteria: (i) only statistically significant risks; (ii) risks referring to exposure variables in categories, when corresponding risks were also reported for continuous variables; (iii) risks derived from models with the maximum number of adjustment variables included, when more than one model including different adjustment variables was presented; (iv) risks of subgroup analyses, when available; (v) risks derived from models including an interaction term for pairs of dietary patterns, when available.
results description of the identified studies
We identified 24 papers reporting on the relationship between dietary patterns and UADT cancer . Their main characteristics are shown in Table 1 . The papers were published between 2002 and 2012, and concerned studies mainly conducted in the 1990s. Nine papers were based on studies conducted in Europe [10-12, 19, 20, 22, 23, 28, 31] , seven in South America [14-18, 29, 32] , four in Asia [9, 24, 25, 27] , two in the United States [13, 30] , one in Oceania [26] , and one was based on the pooled data from the International Head and Neck Cancer Epidemiology (INHANCE) Consortium including five studies from Europe and the United States [21] .
The papers focused on the relationship between dietary patterns and esophageal adenocarcinoma (4 papers) [10, 13, 26, 30] , esophageal squamous cell carcinoma (12 papers) [10-12, 14, 17, 18, 24-28, 30] , esophageal junction adenocarcinoma (1 paper) [26] , laryngeal cancer (2 papers) [18, 21] , laryngeal squamous cell carcinoma (4 papers) [11, 16, 19, 23] , oral and pharyngeal cancer except for nasopharynx (7 papers) [11, 18, 20-22, 29, 32] , oral cavity squamous cell carcinoma (1 paper) [9] , oral cavity squamous cell carcinoma and pharyngeal squamous cell carcinoma (1 paper) [15] , and UADT cancers (1 paper) [31] . All were case-control studies; of these, 19 were hospital-based, 4 were population-based, while the paper based on pooled data included both population-and hospital-based controls.
Some papers provided subsequent reports from the same research group: an Uruguayan group identified a posteriori dietary patterns through factor analyses on esophageal squamous cell carcinoma [14, 17] , laryngeal squamous cell carcinoma [16] , oral cavity squamous cell carcinoma and pharyngeal squamous cell carcinoma [15] , and on a pool of case-control studies including the previously mentioned cancer sites [18] ; a group from Brazil published two papers on factor analyses carried out on oral cavity and pharyngeal cancers [29, 32] ; an Italian group identified a posteriori dietary patterns through factor analyses on esophageal squamous cell carcinoma [12] , oral and pharyngeal cancers [20] , and laryngeal squamous cell carcinoma [19] and proposed a priori dietary patterns considering diversity [22, 23, 28] and Mediterranean diet scores [11] on the same cancer sites; the Italian studies on larynx and oral cavity and pharynx were also included in the pooled data of the INHANCE Consortium; a group from Iran identified food-and nutrient-based a posteriori dietary patterns on esophageal squamous cell carcinoma [24, 25] , and an a priori index on adherence to dietary guidelines for Americans [27] .
dietary assessment method and dietary patterns identification method
All the studies used a food frequency questionnaire (FFQ) as dietary assessment method. Several FFQs were assessed for reproducibility [11, 12, 14-20, 22-29, 32] and validity [11, 12, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 32] .
Most of the identified publications derived a posteriori dietary patterns (through PCFA or CA), a few were based on dietary scores or indices defined a priori, whereas none was based on the reduced rank regression method. PCFA is an exploratory method used in nutritional epidemiology as a dimensionality reduction technique; it aims at reducing an original larger set of correlated dietary components into a smaller and easily interpretable set of uncorrelated variables, called factors, which explains the largest possible amount of variance of the original dietary components. CA is generally used in nutritional epidemiology to identify mutually exclusive groups of subjects characterized by specific dietary habits, on the basis of similarities in dietary components among subjects in the same group and differences with individuals in other groups. PCFA and CA may be used alternatively or in combination, in an overall strategy for data dimensionality reduction and clustering. In the a priori approach, dietary patterns are indices or scores developed on the basis of the available scientific evidence for the specific disease, or on current nutritional guidelines, recommendations, and/or specific dietary compositions [33] . In particular, 17 papers investigated the role of a posteriori dietary patterns [9, 10, 12-14, 16-21, 24-26, 29, 30, 32] , 6 were based on dietary patterns identified a priori [11, 22, 23, 27, 28, 31] , and 1 applied both approaches [15] . Table 2 summarizes information on the main characteristics of the FFQ, the dietary patterns identification method, and the main results for papers using the a posteriori approach [9, 10, 12-21, 24-26, 29, 30, 32] . The number of dietary items included in the FFQs varied from 27 to 141. Dietary items were usually grouped before carrying out the analyses and the final list included a number of items varying from 15 to 44. In one study, a posteriori dietary patterns were based on 19 food groups and 9 lifestyle variables [30] . In most cases, dietary patterns were derived from selected food groups [9, 10, 13, 15-18, 25, 26, 29, 30, 32] , whereas a few papers reported PCFA carried out on nutrients [12, 14, [19] [20] [21] 24] . In most papers, FFQs investigated patients' diet 1 or 2 years before diagnosis (for cases) or interview (for controls), others were referred to a period of 5-9 years before, while one FFQ considered dietary habits 20 years before diagnosis [10] .
A posteriori dietary patterns were generally identified through PCFA (17 papers) [9, 10, 12, 14-21, 24-26, 29, 30, 32] , whereas only one paper reported dietary patterns derived through CA [13] .
When dietary patterns were obtained through PCFA, in most cases an orthogonal rotation was carried out, which allowed to improve the interpretability of the patterns, preserving their independence [34] . The rotation consists in turning the reference axes of the factors about their origin and has the effect of achieving a simpler structure where variables should load highly on one factor only, and each factor should have high absolute loadings only on some of the variables, making clearer the interpretation of the patterns. After an orthogonal rotation, the rotated factors are still uncorrelated. This is an important characteristic which may allow, in subsequent risk analyses, to fit a single model including all the dietary patterns simultaneously, avoiding multicollinearity problems. Most papers specified that the choice of the number of factors to retain was based on a combination of criteria including: factor eigenvalue greater than a predefined threshold (usually 1), scree plot examination, and interpretability of the factors. One study did not provide an interpretation of the identified patterns [24] . The number of factors retained varied from 2 [15, 24, 25 ] to 6 [16, 30] , with percentages of explained variance ranging from 24% (based on three food-based patterns) [10] to 87% (based on three nutrient-based patterns) [14] . The retained factors were named either qualitatively or quantitatively (i.e. considering the dietary items with a factor loading greater than a predefined threshold).
In the paper of Chen et al. [13] , the percentage of energy contributed from each food group was used to perform CA. The k-means method was used to classify subjects into a prefixed number of mutually exclusive clusters, based on the Euclidean distance between each subject and each cluster. The number of clusters was chosen equal to 6, based on a series of preliminary cluster analyses with the number of clusters varying from 3 to 10. The identified clusters were then characterized considering their average contribution from each individual food group.
A few papers reported complementary analyses examining reproducibility, reliability, and robustness of the identified patterns [12, 13, [19] [20] [21] . Table 3 gives the characteristics of the FFQ, the dietary patterns composition and the main results for publications concerning a priori dietary patterns or indices [11, 15, 22, 23, 27, 28, 31] . These papers were based on FFQs including a number of food items ranging from 64 to ∼125, and investigating dietary habits back from 1 to 5 years before participation in the study. Two publications evaluated the role of a Mediterranean Diet score [11, 31] , three were based on Diet Diversity scores [22, 23, 28] , one showed Protective and Risk scores, based on the preliminary results obtained from traditional analyses on single food groups [15] , and one was based on the adherence to the Dietary Guidelines for Americans [27] , based on 11 food intake recommendations and 8 healthy choice recommendations.
risk estimates
Regardless of the method used to derive them, dietary patterns were used in subsequent analyses to evaluate their relationship with cancer. In the analyses, scores obtained from either the a priori or the a posteriori approach were generally categorized into approximate quantiles categories. Multiple logistic regression models were then carried out and the OR and corresponding 95% CI were estimated for each quantile category of any dietary pattern compared with the reference one. All the papers reported risk estimates adjusted for various confounding variables and known risk factors for UADT cancers. In particular, an adjustment for tobacco smoking was present in all the studies, except one where smoking was included as an input variable in the PCFA procedure [30] . Most risk estimates were also adjusted for total energy intake and alcohol drinking (when alcohol was not used in the pattern identification procedure). Age and sex were generally allowed for in the models as well. In most papers based on PCFA, risk estimates were obtained from a composite model including all dietary patterns simultaneously [12, 14, [16] [17] [18] [19] [20] 32] .
In one study, no association was found between esophageal adenocarcinoma and the dietary patterns identified through CA [13] . All the remaining papers showed a significant association between at least one of the identified patterns and UADT cancers.
Among the a posteriori ones, the favorable food-based dietary patterns for reducing UADT cancer risk were characterized by high intakes of vegetables and fruits [9, 15, 17, 18, 25, 26, 30, 32] , and combinations of other foods including fish [15, 18, 25, 32] , and white meat [9, 17, 18] . Moreover, in an Uruguayan study, an 'Healthy' pattern based on vegetables, fruits, fish, and tea was inversely related to laryngeal squamous cell carcinoma in the subgroup of former smokers only [16] . As concerns nutrient-based dietary patterns, a protection was found for patterns including vitamins, fiber, and carotenoids [12, 14, [19] [20] [21] . A define the number of factors to retain (eigenvalue, scree plot, and interpretability), rotation method, factor naming (descriptive or loading cutoff), reproducibility and validity of dietary patterns, robustness analysis, and reliability of dietary patterns. The default PCFA is supposed to be on the covariance matrix of all the subjects. If the statistical method is CA, the specifications are: method for performing CA (kmeans, agglomerative hierarchical clustering with Ward's method) and criteria to define the number of clusters (scree plot, stability of large clusters), cluster naming (descriptive or quantitative), and robustness analysis of dietary patterns. The default CA is carried out on the original data and includes all the subjects. b When not otherwise specified, estimates are derived from models including the same adjustment variables. ORs were estimated from a composite model including all the dietary patterns simultaneously. BMI, body mass index; CA, cluster analysis; DP, dietary patterns; EA, esophageal adenocarcinoma; EC, esophageal cancer; EIG, eingenvalue; ESCC, esophageal squamous cell carcinoma; FG, food groups included in the analyses; FI, food items in the food frequency questionnaire; FFQ, food frequency questionnaire; GERD, gastroesophageal reflux disease; IA, interviewer administered; INHANCE, International Head and Neck Cancer Epidemiology; LC, laryngeal cancer; LSCC, laryngeal squamous cell carcinoma; NA, not available; NUT, nutrients included in the analyses; OCC, oral cavity cancer; OCSCC, oral cavity squamous cell carcinoma; OR, odds ratios; P, P-value for trend; PC, pharyngeal cancer (nasopharynx not included); PCFA, principal component factor analysis; PSCC, pharynx squamous cell carcinoma; SA, self-administered; UADT, upper aerodigestive tract.
priori dietary patterns shared several dietary components of the a posteriori ones, and confirmed the protective effect of a Mediterranean-type diet (based on high intakes of cereals, legumes, fruit, vegetables, low intakes of meat, dairy products and alcohol, and preference for monounsaturated fatty acids) [11, 31] , and of diversity in food consumption, particularly fruit and vegetable diversities [22, 23, 28] . A good adherence to the dietary guidelines for Americans yielded a reduction in esophageal cancer risk [27] . Among the a posteriori food-based dietary patterns, an unfavorable role on UADT cancer was found for those characterized by a high consumption of meats [15, 16, 18, 25, 26, 29, 30] and high-fat foods [9, 16, 18, 25] . In one of the Uruguayan studies, an 'High-fat' pattern, characterized by high intakes of cheese, butter, mayonnaise, and low intakes of tea, was positively associated to laryngeal squamous cell carcinoma among former smokers only [16] . Moreover, when alcoholic beverages were included in the food groups lists, a 'Drinker' pattern was found, which was unfavorable for UADT cancers [10, [16] [17] [18] . Similarly, in the paper deriving patterns from both food groups and lifestyle variables, the 'Smoking/ drinking' pattern was positively related to esophageal cancer risk [30] . Among the nutrient-based patterns, positive relationships were observed between the 'Animal products' and 'High-fat' patterns [12, 14, 19, 20] and UADT cancers. In the pooled data of the INHANCE Consortium, an 'Animal products and cereals' pattern increased laryngeal cancer risk [21] .
Among the a priori patterns, a high diversity in meat consumption was unfavorable for laryngeal cancer in an Italian and Swiss study [23] .
There are also a few additional findings not consistent with the patterns described above. In a case-control study from Indonesia, a beneficial role on oral cavity cancer was found for the 'Combination' pattern including red meat, dairy products, fruits, and white meat [9] . In an Australian study, a 'Pasta and pizza' pattern had a favorable effect on esophageal cancer [26] . The Brazilian case-control studies identified a 'Traditional' pattern including pasta and rice, pulses and beef, which was inversely related to oral and pharyngeal cancers [29, 32] . In the INHANCE Consortium, a 'Fats' pattern was beneficial for oral and pharyngeal cancer and detrimental for laryngeal cancer [21] . In an Iranian study, a pattern based on saturated fatty acids, biotin, selenium, monounsaturated fatty acids, vitamins, sodium, fat, cholesterol, calcium, phosphorus, protein, calcium, manganese was inversely related to esophageal cancer risk [24] . Finally, in a multisite study from Uruguay [18] dietary patterns were derived among controls, separately by gender; although the patterns identified among men and women were similar, the relationships with UADT cancers were different. A favorable role of the 'Prudent' pattern (characterized by high intakes of fish, cooked vegetables, fresh vegetables, poultry, plus total fruit only for men) was found among men but not among women. The 'Western' pattern (including fried red meat, barbecued meat, plus eggs for men and processed meat for women) was beneficial among women and unfavorable among men. In the same study, the 'Traditional' (total grains, all tubers, desserts, and dairy foods) and the 'Drinker' patterns were significantly unfavorable only among men. In a companion study, a 'Traditional' pattern, characterized by cooked vegetables, tubers, and boiled meat, was positively associated with cancer of the supraglottis, and unrelated to cancer of the glottis [16] . These reflect the role of major risk factors of UADT cancers (alcohol and tobacco) in the two sexes, as well as an indication of 'poor' diet in various populations. In particular, meat and animal products tend to be indicators of a poor diet in high income, but not necessarily in middle income countries.
Risk estimates varied according to the identified dietary patterns and the population under investigation. Risk estimates for beneficial dietary patterns ranged from an OR of 0.06 (95% CI 0.01-0.28) for subjects above the median of the 'Factor 1' (based on saturated fatty acid, biotin, selenium, monounsaturated fatty acids, vitamin B 2 , sodium, fat, cholesterol, calcium, phosphorus, protein, iron, vitamin E, manganese, vitamin D, and vitamin B 12 ) [25] up to an OR of 0.78 (95% CI 0.61-0.98) for subjects with ≥34 versus <27 points of the 'Total Diversity' score [22] . Risk estimates for unfavorable dietary patterns varied from an OR of 1.46 (95% CI 1.07-2.00) for the 3rd versus the 1st tertile of the 'Traditional' pattern for UADT cancers among men in Uruguay [18] up to an OR of 10.82 (5.16-22.68) for subjects above in the 4th quartile of the 'Smoking/alcohol' pattern in the United States [30] .
Moreover, a few papers reported strata modification effect of smoking and drinking habits [16, 17, 23, 28] , thus confirming the major role of tobacco and alcohol on UADT cancer risk.
discussion
The most consistent findings of this comprehensive review are the beneficial role of a dietary pattern based on fruit and vegetables or nutrients contained in such foods, and the unfavorable role of an alcohol drinker pattern. A possible unfavorable role of patterns based on meats and animal products emerged as well. The findings were similar for laryngeal, esophageal, and oral cavity cancers. These results are in line with those on single dietary components and may help to complete the picture on the potential relationship between diet and UADT cancers [6, 7] . Moreover, risk estimates for dietary patterns derived through PCFA were often obtained from composite models including all the patterns simultaneously; this allowed to avoid multicollinearity problems and assured that the risk associated to a certain dietary pattern was not driven by the effect of the others.
The present review is based on case-control studies only, thus the studies included in this review may have some of the typical limitations of the case-control design. Hence, prospective studies would be helpful to confirm the observed relationships between dietary patterns and UADT cancers. A limitation, in hospital-based case-control studies, is the possibility that hospitalized controls have different dietary habits compared with the general population. However, some population-based studies were also included in this review, providing consistent results with hospital-based ones. Moreover, a few studies were based on FFQ which were not tested for validity or reproducibility, thus leading to a potentially unreliable evaluation of the patients' dietary habits. Age, sex, study center, education, tobacco smoking, alcohol drinking, nonalcoholic energy intake a When not otherwise specified, estimates are derived from models including the same adjustment variables. b The reduction in risk was statistically significant, although the limits of the confidence interval were not provided.
BMI, body mass index; ESCC, esophageal squamous cell carcinoma; FFQ, food frequency questionnaire; FI, food items in the FFQ; IA, interviewer administered; LC, laryngeal cancer; LSCC, laryngeal squamous cell carcinoma; OCC, oral cavity cancer; OCSCC, oral cavity squamous cell carcinoma; OR, odds ratios; P, P-value for trend; PC, pharyngeal cancer (nasopharynx not included); PSCC, pharynx squamous cell carcinoma; NA, not available; UADT, upper aerodigestive tract.
Despite similarities in the identification and labeling of the patterns, dietary patterns may not represent the same dietary habits across populations. The identified patterns are highly influenced by the dietary items included in the FFQ and by the way in which foods are subsequently grouped. The number of food items originally included in the FFQ and the final number of food groups or nutrients included in the analysis varied greatly; this may have influenced the identified patterns. Relevant differences may arise from the use of different FFQs, which are representative of recipes and dietary components of a specific population. Although comparison of results can be done across studies and populations, conclusions and disseminations of dietary recommendations should be considered mainly country specific and may be only in part generalized to other populations. As foods are consumed in combination, it is possible that dietary habits as a whole have an influence on the disease. Thus, methods for the identification of overall dietary behaviors would be more suitable to describe the complexity of diet. Both a priori and a posteriori dietary patterns are useful tools to describe overall dietary behaviors, and to investigate their relationships with cancer risk. A priori dietary patterns are simple to implement and generally do not require complex statistical methods, but they rely on previous knowledge and are not able to investigate unknown relationships; however, as they are based on the available knowledge on the relationship between diet and the specific disease, they are more likely to be related to cancer risk. On the other hand, a posteriori dietary patterns are obtained empirically from the data under consideration and allow to study previously unexplored dietary characteristics; however, they are identified through complex statistical methods, which require several subjective decisions, and these may modify number and characteristics of the identified dietary patterns. One of the major concerns in the use of a posteriori dietary patterns is their reproducibility across different studies and populations.
Most dietary patterns described in this review were derived a posteriori, using exploratory techniques such as PCFA or CA. This kind of patterns aims at representing the real dietary habits in a specific population, is not based on known effects of diet on health, and is derived from the data under consideration, and thus, they may be unrelated to cancer risk. Nevertheless, several similarities in the results from a posteriori and a priori patterns were found, in accordance with the previous knowledge on the role of single foods and nutrients [6, 7] , thus suggesting real dietary implications of dietary patterns on UADT cancers. 
